This study is concerned with differences between breast-fed and bottle-fed infants in plasma and red blood cell (RBC)-levels and pattern of tocopherol analogues. Tocopherol levels were determined by High-Performance Liquid Chromatography (HPLC). The results were as follows: 1. In breast-fed infants the plasma contained larger amounts of the alpha and smaller amounts of the gamma form of tocopherol than in bottle-fed infants but the RBC contained the alpha form alone. 2. In the bottle-fed infants the plasma contained the alpha, gamma, and delta forms, but the RBC contained the alpha form alone. 3. In bottle-fed infants plasma alpha-tocopherol levels did not differ significantly from those in breast-fed infants but RBC alpha-tocopherol levels were far lower in the former. In contrast, plasma gamma tocopherol levels were significantly higher in bottle-fed infants. 4. Cord blood plasma contained only the alpha and gamma forms with the patterns similar to those in adults. The delta form appeared in the plasma of bottle-fed neonates as early as 3 or 4 days after birth. 5. The transitional-form human milk obtained on the 5th postpartum day contained the alpha and gamma forms alone and resembled adult plasma. On the other hand, commercially available formulas contained all four forms, with the gamma form the highest, alpha and delta forms moderate, and only slight beta.
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Y. KIJIMA, Y. NISHIDA, and S. NAKAGAWA bronchopulmonary displasia resulting from prolonged exposure to high con centrations of oxygen (3) . Pediatrician interested in these disorders are agreed that tocopherols reduce tissue damage due to oxygen therapy (1) (2) (3) . In this regard, information on tocopherol distribution in biological membranes is considered to provide a clue to the elucidation of these neonatal diseases, since tocopherols are known to act on biological membranes.
Recent progress in chromatographic techniques has facilitated determination of tocopherol analogues in the serum, red blood cells (RBC), liver, and milk by High-Performance Liquid Chromatography (HPLC) (4) (5) (6) (7) (8) (9) .
In the course of the authors' study, which was intended originally for the determination of the alpha analogue (9) , the leading tocopherol of the four known analogues, it became clear that the plasma and RBC tocopherol levels differ between breast-fed and bottle-fed infants.
Therefore, the authors investigated the plasma and RBC levels of the four different tocopherol analogues in breast-fed infants. RBC were used as the source of biological membranes because they are easy to come by.
The authors' assumption that the plasma and RBC tocopherol levels reflect the amounts of ingested tocopherols prompted them to analyze human milk and commercially available formulas for their tocopherol analogue content.
MATERIALS AND METHODS
Blood was collected from breast-fed infants at periodic examinations for breast milk jaundice and from bottle-fed infants who were either staying at a premature nursery or being subjected to angiography due to congenital heart failure. The breast-fed and bottle-fed infants did not match completely in age and sex because of the exclusion of healthy infants. Cord blood was collected through the umbilical vein of healthy neonates.
Collection of human milk was performed on the 5th postpartum day, when it was easy for lying-in mothers to obtain their milk.
Commercially available cow's milk products of four manufacturers were prepared into a uniform concentration of 15% for analysis according to label directions. Determination of individual tocopherol analogues was performed by HPLC, according to the method of Ishibashi et al. (6) who developed it to assay RBC tocopherols. Samples used for assay were reconstituted in a uniform volume of 0.5ml and saponified just before use. Extraction and subsequent procedures were the same as those described by Ishibashi.
The recovery of authentic tocopherol samples added to the RBC, plasma and milk was 90% or more.
The equipment used was the same as described in the preceding paper (9) . Statistical analysis used the t-test. Table 1 lists the plasma and RBC tocopherol levels for breast-fed infants. Plasma specimens contained high alpha and low gamma levels in ratio resembling those in adults (5, 9, 10) . The RBC contained the alpha form alone in higher amounts than in bottle-fed infants. Table 2 shows tocopherol levels in bottle-fed infants. The plasma contained delta form which was not present in adult plasma (9) and is considered to be specific to bottle-fed infants' plasma.
The RBC contained the alpha form alone as in breast-fed infants. The plasma alpha form levels did not differ significantly from those of breast-fed infants (p>0.05), unlike the RBC alpha form levels which were significantly lower than those in breast-fed infants (p<0.01), whereas the plasma gamma form levels were significantly higher than those in breast-fed infants (p<0.01). Table 3 is for bottle-fed neonates. Detection of the delta form in the plasma of only 3 and 4-day-old infants showed their similarity to older infants also on formulas. The plasma alpha and total tocopherol levels in the youngest neonates were lower than those in other bottle-fed infants (p<0.05), while the gamma and delta levels did not differ significantly between the two age groups (p>0.05). The RBC of bottle-fed neonates contained the alpha form alone, as in the older bottle fed infants, but the difference between these two age groups did not reach statistically significant levels (p>0.05). Table 4 is for the plasma and RBC of cord blood. The absence of the delta form in cord blood and its emergence in bottle-fed neonates' plasma have aroused the authors' question on the mechanism of sudden change. Table 5 compares the tocopherol analogue content of human milk and formulas. This analysis was prompted by the authors' assumption that the tocopherol content of the diet might affect the tocopherol content of infants' plasma. In tocopherol analogue patterns, human milk resembled the plasma of breast-fed infants, and that of children and adults as well. Formulas, on the other hand, were characterized by large amounts of the gamma and delta forms and traces of the beta form. The levels of the alpha form in formulas (reconstituted to make 15% according to the manufacturers' instructions) were comparable to those in the 5-day transitional form of mothers' milk.
The typical patterns of tocopherols in human milk, formulas, and the plasma of breast-fed and bottle-fed infants are comparatively illustrated in Fig. 1 .
DISCUSSION
This study has clarified the great difference in plasma tocopherol constitution between breast-fed and bottle-fed infants: Infants on the two different diets had in common the characteristic in that the alpha and gamma forms accounted for the Table 4 . The levels of tocopherols in plasma and RBC in cord blood.
Cord blood was taken from the umbilical vein immediately after delivery. Part of this data was presented in the preceding report (9). Table  5 . Tocopherols in human milk and in commercially prepared cow's milk-based formulas.
Human milk was obtained from the mother on the 5th day after delivery. The formulas were commercially prepared cow's milk-based, which were prepared at a concentration of 15% for assay. infants had higher plasma gamma form levels than in breast-fed infants, and that the plasma of the latter had delta tocopherol which was not present in breast-fed infants' plasma. Analysis of varying stages of human milk, i.e., colostrum, transitional form, and mature form, for tocopherol constitution was conducted by Kobayashi (13) and Maisawa (8) who, by chromatographic techniques (Kobayashi, thin-layer and gas-liquid; Maisawa, HPLC), found that human milk, regardless of the stage, contains traces of the beta and delta forms as well as the alpha and gamma forms. Our study detected neither beta nor delta form possibly because of the paucity of the samples used.
The authors have come to suspect that the plasma tocopherol constitution well reflects the dietary tocopherol constitution as shown in Fig. 1 .
This reflection seems to apply only to neonates and not to other pediatric age groups and adults (5-13), whose plasma contains limited amounts of the gamma form and traces of the delta form in spite of abundant gamma and delta forms in their diet.
The reason why the plasma of non-infants fails to reflect dietary tocopherols may be elucidated when the differences in maturation and the turnover mechanism during development are taken into account.
In this regard, Horwitt (12) conducted interesting experiments detailed below. He gave adult volunteers diets of extreme tocopherol analogue constitution and found that their plasma reflected the dietary tocopherol imbalance. He gave the volunteers 60mg of saflower oil, containing in each gram more than 20mg of AND INFANTS' FEEDING 111 alpha and only 1 mg of gamma for five years, and found that their plasma contained no gamma form. He provided another group with beef fat containing only 0.6mg of alpha for five years and switched over to 14 days' corn oil containing 2mg of alpha and 20mg of gamma. At the end of the beef fat regimen, their plasma contained only 0.5mg/dl of alpha and negligible gamma while, at the end of the corn oil period, slightly increased alpha and markedly increased gamma. A noteworthy finding was that the RBC levels of the alpha form in bottle-fed infants were about one half those in breast-fed infants. This finding is seemingly contradictory to the absence of significant differences in alpha form content between the plasma specimens of breast-fed and bottle-fed infants and between human milk and formulas. An explanation for this mystery must lie in an assumption that the absolute amount of the alpha form incorporated into the RBC membranes, in association with plasma lipoproteins, largely depends on its relative occurrence there, and the participation of competing gamma and delta forms, if any, is liable to prevent the alpha form being received to the site.
